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OBJECT

To develop an instrument to determine the ipai tion temper-
aturr, and time to ignition of one milligrair or lJs of primary
explosive.

ABSTRACT

This is the second progress report on the '"Dvolopment of
Optimum Explosive Trains" and is concerned with the development
and utilization of an electronic device to determine explosion
temperatures and ignitimn times of one milligram samples of
primary explosives. With this instrument the time to ignition
can be determined to', .001 seconds and the explosion tempera-
ture to + 20F. The aotivation energies calculated from data
obtained-with this instrument in the .5 to 10 second interval
are shown below:

B
Activation En-rLVr, E. E

Compound h cal/mole t B Bp RT

Mercury Fulminate 29.81 - 13.85
Lead Azide 23.74 -8.3
Basic Lead Styjimate 75.39 - 28.20

XDNBF 8.258 - 34.12
Hexammine Chromio Perchkrate 29.82 - 9.88
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TNTRODJCT ION:

1ý Tho work on Project TA,3-5101 entitled "Development of Optimum
Explosive Trains" has been concerned with the synthesis of new primary
explosives (Ref B). These compounds previously have been assessed for
their explosive properties by tests standard at the Arsenal (Ref C).
One of these, the explosion temperature test (Ref C) is the subject
of this report and consists of varying the temperature of a molten
metal buth between determinations in .uch a way as to have +Ptu flashes
or explosions over an induction time interval of 2 to 10 seconds. A
time vs temperature curve is p otted and the five-second explosion
temperature is interpolated from the graph. The data is obtained by
immersing a No.8 blasting cap cntaining 0.01 of I 1.mary explosive or
0.( gm high explosive into a mol1tt metal bath of known temperatureo
The time to ignition is deterr7 ined with a stop watch. A total of from
0.5 P& to 5.0 gi8 of sample is necessary to complete one explosion
temperature test. Since the accuracy of the stop watch method can
vury from .,2 to 0.4 seconds it was believed advisable to adopt a more
precise timing method. It also seemed advisable to replace the moltern
metal bath by an electrical heating unit which would bring the exp16-
sive to the desired temperature in a shorter time. In addition, it
seemed advantageous to construct an instrument that would determine a
complete explosion temperature curve and would require only 0.1 gm
sample of explosive.

2. Studies have shown (R&Xs D, E, and G) that the activation
energies of explosive compourd.- may be oaliulated from the above
mentioned explosion temperature ourves. Since the activation energy
of a compound is known to be re'Ated to the case of electriual initia-
tion of the compound (Re-f 1 and to its stability (Ref D), it seemed
advisable to calculate this value for standard primary compounds
as well as new compounds synthesized in this program (Ref B).

,,DTSCUSSION OF RESULTS:

3. The instrument desirned for precise ignition temperature
and t hme f*r ignttion measuremedts fonspist of a small electrically
heated plate with a nentrali• located iron-constantln thermocouple
for detertIning its temperature, (Plate 1) and a photoelectric optical
system for determining time to ignition, Current accurate to 0.10
amperes is used to heat thfe latn and the temperature of the plate
is determined by the F 1- i omtpuL of the Ihermocouple with a Leeds and
Northrup Potentiometer (YLjdel 3662). Thus, when the explosive is
dropped on the plate the temperature for ignition is definitely known,,
To determine the time fofý ignition at a fixed temperature a beam of
light (1/16" to 1/8" diameter) is focussed across the pnl-,te to a
Photomultiplier (Model 1P 21) (Plates I and 2). 'When cne iilligram
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of the ComMPound is dropped, on the plate the light beam is interruptedcausing the phototube to produce a positive electrical pulse whichi- amplified and in turn starts the Electronic Counter Chronograph.When the subAtanoe detonates, the light from the flaah again causesthe photctubs to ocoduot, generating a negative pulse. Thisnegative pulse is fed through the amplifier and inverted to a positivepalis to trigger the stop circuit of the Potter Chrcnograph. Timesover one second are recorded by the Veeder Root Counter connected toth6 laat decade of the Chronograph.

4. Explosion temperature curves were obtained 0a three primaryexplosives and tvo new experimental compounds with this new imstrment.,(Fig 1). The firm--second ignition temperat-res fPor these compoundsakid data determinaue with the raolten bath method (Ref C) are shown below.

Molten Metal
Bath Method, New Yeth od,C--p.tmd 0.010 EM grams

Mercury Fulminate 
210q0 209 (O01grg)

Basic Lead Styphmae
Lead AUlde (dextrinated) 240 * 2 (002 )Po~risium Dinitrobenzafuroxan 

250 245 (.001Texaimine Chromic Perohlorate 350 -36 (a002 )
200/1 i~ltion did not occur with 2 mg sample at 5 seconds

5. The min feature of this instrument is the precisicm of thedaUt hich can be obtalnedo At least ten Ignitin determinations weremade at each tamperat1r amnd the standard deviatico for eaoh pointdetermined., The data for Mercury Fulminate and Dextrinqated Lead A-ide
are shown belows

3
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Mercury Fn&Lminate, .001 gm

Temperature Induction Standard
Number mimft Deviation/
Tested Seoonds 4seoonds

10 203 7.115 0.290
12 210 4.506 0o017
10 215 3.333 o. 146
10 220 2,408 0.2o6
10 226 1.70 0,-87
10 233 1.098 0.080

Dextrinated Lead Azide! 00C2 gm

10 329o4 -537 0-059
15 335.0 .807 0.060
10 34•6.o 1.05 0040
12 360.0 1.528 0,218

The above standard deviations are typical of the precision of the
data in this report. Also, the standard deviation is equal to or
better than the most recemt values for this type of determinatioi
(Ref B).

6. Arrgehwus was amang the first to show the large effeot
of temperature on the rates of chemical reactions (Ref D). Several
wor] 3rs (Ref D, G, E, and I) studied the effect of tempe-ature on
the times to ignition or induction periods of the pre-ignition
reactions of several explosives. Semenoff (Ref I) expressed the
relationship between the induction period and igniticn temperature

.where t induoti• period in seconds
3 : activation energy K cal/mole
R - gas oonstant
B : a ecestant
T : temperature, OK

putting the equation in the forms

Iog :log B 4 loI•l 0  1

I .
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it is seen that a straight line is obtained when log,, t is plotted

agains t with slope equal to logi 0 e. The activation energy is

therefore given by the product of the slope and Iogi0 e. Th*

slopes for the various explosives studied in this report were deter-
mined by the method of least squares and the aotivaticn energies
calculated th erofron.

7o The aotivaticn energies of Mercury Fulminate, Dextrinated
Lead Aside and Basio Lead Styphnate were calculated frqm data dater=
msined to plot their explosion tomperature curves (Figs I and 2), The
values obtained by the new method and reported values of other
workers are show belows

Dctamined Values

Weight Activation
Sample Energy

Compounds gm K cal/mole B

Mercury Fulminate .001 -;9g.8 - 13-85
Basic Lead Stypphate .002 75,39 - 28,20
Lead Aside e.002 23o74 - 8.43

Values of Previous Workers

Yercury Fulminate (Ref D) a001 33r.4 - 14.38
Lead Azsde (Ref D) o000 23-4 - 8,2

The Aotivaw•on Buergles of Hexasine Chromic Perohlowate and
Potassium Dinitrobmnzefuroxan wire also obtained (Figs 1 and 2).
The results are shown below'

Weight \,ti vatioan
Sample ery

Compounds &Z K ayole B

Potissium DInitrobanz•iuroxan .001 82-58 - 3o62
Hexamine Chromic Perchlorate °002 29,82 - 9188

8. It is to be noted that for all oompoundw straight line
greyu are obtAined -when the logarithms of the inducti o periods
ore plotted a.galst the -6oiprooalm of the absolute ignitior temper-
asurov ie Thi e range of 05 to 10*0 Jeoondw. This is in aocordanoe
with the Semenoff Equation (Ref I)
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Inasmuch as the above graphs all involve induction periods
greater than 0.5 second it seemed of interest to determine whether
an extrapolation of the straight lines to shorter time intervals
such as has been done by A. R. Ubbelohde (Ref D) is permissible.
If so, the validity of the Samemoff Pq:an.tin would be firther
strengthened and predicbics about high ignition teaperatures and
short induction periods would be justified. A study of KDNB? in
the range of 7.57 to 0.0107 eoonds oorresponding to 24.6C sad
35i°C, respectively, revealed however a parabolic shape of the
plot (Fig 3)- Th^ relatiouiwhich has been considered before as a
linear prop6rtimaity above the 0.9 second point now appew-re to be
an approximately iinebr segment of a parabola. Although this fact
does not seriously affeot th9 valte of the activation energy
(previously obtained for potassium dinitr-obentofurOxpn from the slope
of the linear plot), it, mast nevrrtheless be said that the aotivatiln
energy so calculated, refers to simple pre-ignition reions
occurring at temperatures oharacteristic of iimes greater than 0.5
second. At higher temperatures or shorter induction periods, it
seems that we are no longer dealing with a simple pre-ignition reac-
ticn mhose activation energy is uniquely determined by the Seaencff
Equation. Rather, we may have a complex series of reactions and
ioteraltions between deomposition product a olecules, as well, ekse
overall c itivns etwe re y oan not be obtained by cuch a simple
relation. In suoh oases an extrapolation of a linear plot to the
short induetion period range is not valid and one must have a knowl-
edge of the shpo of the entire -,:rva- before predictions about high
Ignition tempeatures and low induction periods oan be made, at least
in, • ~e !A K0".

9. It is intended to carry out an intensive further invostiga-
tion Into the low induction period region for KDWWF and the other
ooMpo•nds, as well, to determine whether the parabolic Mhape of the
curve iL a general phenomenon* Apparatus similar tQ t-hat employed
in the work above but modifiVed so as to attain induction intervals;
in the one-tenth milliseoond region, ha,,, in fact, boon constructed.
It is anticipated thaR the new results ,i soon be forthcoming.

IXPERIIENTAL PROCEDURE

'10. "Me operation of the ^kplosion ignition time consists of
electronic systems *hi~oh control the tomperature of the $gnition
plate and the timing mechanism.

a. The temperature of the ignitiqa plate in set by
varying the current through a No. 18 ovanohm wire. A fine and coarse
adjustment of the latter regulates the current to I o.0 ajpere over
a range of 0 - 10 amperes. After the syste. has oome to equilibrium.,

6
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the temperature of the plate is determined by reading +-he EM?
outnui of ths B & 3 No 30 iron-constantln thermocuuple on the

Leeds and Northrup Potentiometer (Model 8662).

be The timing mechanism involves utilization of the
photoelectric effect. As shown in Plate I & beam of light is
passed over the heating plate and on, to the phototubeo Upon
drapping of the explosive sample on the heating plate, the beamr
is interrupted and an eleotroni ocounter chronograph and second
counter triggered. The latter counts until the instant of explo-
sion when a flash again actuates the phototube and now atop_- the
oounterez A direot reading of the induoticu period is thus
obtained. It is essential that the beam of light be of snall
diameter and centered over and as close to the plate as possible.
A vriable lens opening in (C) controls the beam width and a
platform on which the light source (B) is mounted provides for
horizoutal and vertioal displacements of thm light beam. The
phototube sensitivity to changes in light intensity should be
at an optimum. Plate 2, B, illustrates the appropriate instrument
ocntrol.

11. Oioe it is established that the timing system is working
efficiently and the temperatura of the plate Is constant, the time
for ignition at that temperature :ay be determined. One milligram
of sample in weighed on a Roller-Smith Milligram balance and
dropped through the funnel on to the plateo The seconds are read
cn the Veedar Root Counter and the milliseconds on the Electronio
Counter Chronograph (Ibdel 450A). The funnel is the removed and
the plate cleaned with an eleotrioally driven steel wool brush.
The temperature is allowed to come to equilibrium again and the
determination repeated. Usually a five minutes waiting period
is required for the plate to come to equilibrium with the surround-
ings. if the material blackens the glass slides (Plate 1) clean
ones must be inserted so that the path of light beam will not be
o'b"ructed.

12. After 10 to 20 ignition times hav, been determined at Goea
tempertature, the temparature is raised by increasing the currý-b
and ten or more ignition times are determined. The average of the
times is taken as the time. Usually four to six points are
necessary to plot a curves
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